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Abstract 
THz radiation source from electrons moving inside a corrugated channel in dielectric media is considered. Spectral angular 
distribution of radiation is shown to depend strongly on target and bunch parameters. Numerical optimization of THz source is 
performed for the parameters of LUCX facility in KEK, Japan. 
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1. Introduction 
There are a variety of possible schemes for generation of electromagnetic radiation in THz (terahertz) frequency 
range. The most powerful THz sources can be based on relativistic electron bunches with a huge number of 
electrons, up to 1010 and more in the each bunch. In order not to damage the target one should use the electrons 
moving near the target surface. Different radiation schemes are possible here: synchrotron radiation (very bright, but 
the facilities are very big and expensive), undulator radiation (electrons move through the space with periodically 
changing magnetic field; the well-known example of the kind is the Free Electron Laser), and polarization radiation 
(electrons interact with media) mainly Cherenkov radiation (CR), see the paper Smirnov (2008), and Smith-Purcell 
radiation (SPR), see the paper Ponomarenko et al. (2013). Last three types of radiation permit to make comparatively 
compact THz radiation source. In our previous articles Ponomarenko et al. (2013) and Ponomarenko et al. (2015) we 
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considered electrons flow through a corrugated channel in dielectric media, see Fig. 1, where radiation arises due to 
both SPR and CR mechanism. It was shown by Ponomarenko et al. (2013) that corrugated channel for some 
parameters can give more intensive radiation compared to well-known channel with constant radius. However, the 
question is, how much more intensive? The answer needs developing detailed numerical optimization procedure, 
which is the aim of this research. 
 
 
Fig. 1. Corrugated channel in dielectric media 
We perform both theoretical and numerical calculations to optimize parameters of the target corresponding to the 
maximum value of THz radiation. Numerical calculations performed for the parameters of LUCX facility in KEK, 
Japan, see the papers Aryshev (2011) and Fukuda (2011). 
 
2. Theoretical background 
We use method of polarization current density, see the paper Potylitsyn et. all (2011), where field of the electrons 
moving near the surface of the medium acts on the electrons bounded in the target. Electrons in the bunch are 
distributed by Gaussian law. Therefore, polarization currents appear and produce a secondary electromagnetic field. 
Spectral-angular distribution of radiation can be represented in the form.  
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where V  is the volume of the target. The Fourier transform of the polarization current density is 
                                             ( ) ( )( ) ( )0, 1 ,4 i
ωω ε ω ωπ= −j r E r ,                                                  (2) 
( ) ( )cε ω ω=k n  is the wave vector of the field of radiation, ( )0 ,ω −E r Fourier transform of the electric field of 
electrons moving in vacuum. 
For the bunch of electrons passing through corrugated dielectric channel the spectral-angular distribution of the 
energy can be represented in the form: 
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br – bunch radius, bl – bunch length, bN – number of electrons in the bunch, d  – the grating period, l  – grooves 
length, 2 1a r r= −  – grooves depth, 21,r r  – internal radii of the corrugated channel.  
   Figures 2-3 show dependences of the spectral-angular distribution on theta for different values of internal 
radius 1r . Parameters of electron bunch 16γ = , 0.01br mm= , 0.01bl mm= , 1010eN = , 0.6 mmλ =  and channel 
parameters 0.6d mm= , 0.1a mm=  are taken for the LUCX facility. 
 
        
            Fig. 2. Intensity dependence on theta for 1 1.6r mm=                                   Fig. 3. Intensity dependence on theta for 1 1.5r mm=  
It can be seen that intensity dependence on θ  has diffraction radiation (DR) peak for small angles theta, two 
Smith-Purcell (SPR) peaks for different m  ( 1(( ) cos )m d λ β ε θ−= −  is Smith-Purcell dispersion relation) and a 
Cherenkov peak for 0m = . Notice that intensity dependence is a complicated function strongly depending on the 
target parameters, such as internal radius 1r . It is clear that if one parameter changes the spectral-angular distribution 
considerably, multi-parameter deviation can change it tremendously. The problem of optimization of radiation from 
targets with complicated surface is not that simple and numerical optimization can be of great use to simulate such 
problems taking into account all the target and bunch features. 
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3. Numerical optimization  
General optimization algorithm consists of several steps: 1) choosing an optimization function, ( )1, 2, , nF x x x…  
where 1, 2, , nx x x…   are optimization parameters 2) defining limits of variation, [ ] ( ),    1..i ia b i n= , for each parameter 
3) choosing the optimization procedure technique.  
To make sure that the result of the optimization is correct, three different optimization techniques have been used. 
Enumerative and “probing” techniques are the primitive ones. 
Enumerative technique consists of two main steps: a) defining the number of optimization parameters, n , and 
their limits of variation,  b) choosing accuracy step for each parameter, istep , which determines iteration in the 
loop.   Since steps a) and b) are done, enumerative technique can be described by means of embedded loop scheme 
(hereafter we use C++ syntaxis):   
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As one can see, accuracy of the technique is defined by choosing the value of istep : the smaller istep , the more 
accurate the technique. However, in this case the problem of the technique is the less istep  and the more number of 
optimization parameters, the more time is spent on the optimization. Basically, the “probing” technique has the same 
difficulty. 
Although the “probing” technique has almost the same main steps as enumerative technique, but the scheme is 
slightly different: 
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Here ()rand  function returns a pseudo-random integral number in the range between 0 and 1. 
This number is generated by an algorithm that returns a sequence of apparently non-related numbers each time it is 
called. It allows to “probe” the optimization function for maximum value. Accuracy of the technique is defined by 
choosing probationLimit number, that defines the number of probation effort. But on the other hand, the more 
probationLimit number is, the more “probing” technique evaluation time is. 
As the third algorithm we use the probation method based on the generation of points in multidimensional space 
using tLP– sequences, see the paper Sobol (1969). This method is applied for the review sufficiently large space 
regions in order to find the global extremum in the first approximation.  
tLP – sequence is a number of points ( )* ,1 ,2, , ,  ,  i i i i nQ q q q= … ,   1,2,i = … . If in binary numerical system 
1 2 1m mi e e e e−= … , then for 1,2, ,j n= … , 
(1) (2) ( )
, 1 2 
m
i j j j m jq eV e V e V= … . 
( )m
jV  numbers are the specific numbers, that 
can be found in the Table 1, that allows to calculate more than 6 2 10⋅ *iQ   points in nK  – dimensional cube, it was 
shown by Sobol (1973) and Baikov (2014). In our case the intervals [ ],i ia b  are not equal, so 
nK  (n – the number of 
the parameters) is a dimensional parallelepiped. As one can see 6 2 10⋅   is not that big to make sure, that among the 
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points will be the exact maximum. Here is the scheme of the procedure : 
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After a regular tLP  – sequences procedure we define a sequence of “local” maxima and then redetermine each 
interval [ ],i ia b to make more precise the area, where the global maximum can be. Among the three methods tLP – 
sequences procedure is the most economical and powerful tool. 
The results of the optimization procedure are shown in Table 1. The optimized spectral-angular distribution is 
demonstrated on Fig. 4. As one can see, Eq.(3) is very complex. Due to the complexity of the function, optimization 
procedure time increases with the optimization parameters. To avoid this problem, all the optimization parameters 
were estimated by means of NRNU MEPhI supercomputer. 
                                         Table 1. Optimized parameters for Eq. (3) 
Parameter Optimized value Range of  variation 
γ 16 Fixed 
λ 0.6 mm Fixed 
ε 4.41 Fixed 
N 148  50 – 150 
r1 2.02 mm 1 – γβλ mm 
θ 0.45 rad 0 – π/2 
d 0.68 mm Fixed 
a 0.32 mm 0 –1 mm 
 
The optimized spectral-angular distribution is demonstrated in Fig. 4. As one can see, optimized spectral-angular 
distribution peak is rather higher, than those demonstrated in Figs. 2-3 with not-optimized parameters. 
 
       Fig. 4. Radiation intensity dependence on theta for optimal parameters 
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Notice that the SPR peak with 1m = −  exceeds drastically the peaks with other diffraction orders m .  
To conclude, the optimized spectral-angular distribution leads to the maximum value corresponding to SPR and 
this peak is considerably more intensive, than those of DR and CR. Therefore SPR mechanism can be more effective 
and it can be employed as a powerful radiation source. 
4. Discussion 
Source of THz radiation based on polarization radiation was considered. The probation method was shown to be 
a good technique for the task of numerical optimization. The results of the optimization performed demonstrate that 
Smith-Purcell effect can serve as a powerful THz radiation source. 
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